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The quantity and quality of streamflow data available 
on small watersheds in Missouri has improved in the last ten 
years. However, it will be years before there is sufficient 
data on both the large and small watersheds to enable inves-
tigators to conduct extensive studies in the st~te. 
Thi.s study of 70 small watersheds \vithin the state of 
Mlssouri presents a technique to estimate the discharge from 
watersheds of 25 square miles or less. The magnitude of 
the discharge for a given recurrence interval, not to exceed 
50 years, may be computed by the formula FT = Cf Ax SS5-10• 
The factors Cf, x, and y will vary depending on the location 
of the watershed within the state. 
Results from this study may be used in the design of 
small hydraulic structures such as culverts, bridges, and 
damB for small reservoirs. 
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Next to air, water is most important to mankind in 
sustaining life. Man's ability to exist without water is 
rather short-lived. Food, the third essential item to 
sustain life, is directly dependent on water for its exist-
ence. Water is thus of immense importance to the human race.· 
The availability of an adequate source of potable water 
has troubled civilizations since the beginning of time. Man 
has strived to control the raging torrents during floods 
.1nd to store water for times of drought. A review of 
history indicates that ancient civilizations accomplished 
remarkable engineering feats in controlling nature. 
A. History 
As eDrly as 3200 B.C. the Egyptians were involved in 
water resources work. They were adept at constructing 
canals and irrigation ditches for bringing water to dry 
farmlands. 
King Menes, lengendary first of the Pharohs, ruled 
around 3000 B.C., and b~ilt his capital at Meatphis. 
According to the historian Herodotus, King Menes damned the 
2 
Nile River about 12\ miles south of Memphis, diverting the 
course of the river to a ne,-1ly dug channel between two hills. 
The new capital of Memphis was built on the old fertile 
river channel. When Herodotus visited Egypt some 2500 years 
later the dam was still in place and functioning quite 
satisfactorily (1). 
According to Matschoss (2), the legendary hero-emperor 
of China, Yu, the great, was asked by Emperor Yau to build 
great waterworks. He studied the rivers and demonstrated 
genius in controlling them through the construction of dikes, 
levees, canals, dams, and reservoirs. He was instrumental 
in reclaiming much land and was said to have "mastered the 
waters". It is interesting to note that the Chinese class-
ified their emperors into a good or bad dynasty depending on 
whether they maintained the hydraulic structures or allowed 
them.to fall into disrepair. 
History is dotted with instances of nations having 
made marked progress in water resources. 1-la ter codes were 
established as long ago as 1750 B.C. A primitive water 
meter was first used in North Africa more than 3000 years 
ago, and it is still being used without modification. 
Undoubtedly the greatest achievement of ancient times, in 
the utilization of ground water, was the building of kanats. 
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The qanat i.s an artificinl nnderground channel which carries 
water over long distances either from a spring or water-
bearing strata. Contrary to present belief, qanat building 
probably started in Armenia and not Persia (3). 
B. Current Problem 
Today, engineers are still erecting highly sophisticated 
structures across some of the mightiest rivers in the world. 
Yet there are emmense regions where little or no potable 
water is available for industrial or domestic consumption. 
Regions that have relatively sparse rainfall must be most 
diligent in their use and conservation of existing water 
resources. There are regions adjacent to the Amazon River 
in Brazil which still suffer from an acute water shortage. 
If but a small portion of the flow from this mightiest of 
rivers could be diverted for agricultural and industrial 
development, there would be much prosperity in the region. 
Man has trj.ed a myriad of schemes to help him control 
his most precious resource. Perhaps a partial solution to 
the problem would be an accurate method of long-range fore-
casting of weather to allow man to prepare for times of feast 
or famine, with respect to water resources of the region. 
Krick (4) has been successful in long-range weather fore-
casting from studies based on mass air movements between 
the continents. If this technique could be extended and 
developed it could be of immeasureable value to tva ter 
resources planning. 
One of man's more noteworthy accomplishments in water 
resource planning is the ability to construct artificial 
obstructions across streams and rivers. The ability to 
erect such structures, by itself, is not sufficient. If man 
is to expend vast sums of money on such structures, he must 
have some assurance that they w·ill remain and accomplish the 
functions for which they were designed and constructed. The 
size and expected life of a dam or other control structure. 
depends chiefly on the magnitude and frequencies of the 
discharges experienced on the watershed. In order to predict 
the frequency of the various discharges to be expected, it is 
essential to have a knowledge of the discharges experienced 
i.n the past and their frequency of occurrence. 
A recent report by the Committee on Hydrology of the 
I~draulics Division of the ASCE has recognized a deficiency 
in stream gaging. On page 17 of the report is the statement 
" ••. deficiencies continue to exist •.• (for) runoff 
data in small drainage areas ••• " (5). Therein'lies a 
rather large problem in Missouri, as in many other states. 
The hydrologic information. required is not available due to 
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lack of lengthy records. It can readily be seen that the 
estimation of floods from small drainage areas, predominantly 
the under twenty-five square mile classification, presents a 
formidable problem. Although the cost of each hydraulic 
structure, such as a farm dam, culvert, small bridge, etc., 
erected on these watersheds may be low; the large number 
constructed represents the expenditure of millions of 
dollars annually. Throughout the country the overdesign of 
such structures could represent a considerable waste of 
money. Likewise, under-estimation of floods would cause 
large scale damage which would be equally, if not more, 
wasteful. 
C. Research Objective 
There has been considerable attention given to the 
study of larger streams. However, little is known of the 
flood frequency relationships on small watersheds with short 
periods of record. This thesis represents a study of flood 
frequency by utilizing runoff records from small watersheds. 
Discharge and various watershed characteristics are used in a 
multiple regression to determine the functional relationship 
among them. This relationship in turn is used in an appli-
cation of.the station-year method using discharge data. 
A technique using the watershed characteristics will be 
presented to estimate the flood discharge on small water-
sheds in Missouri. The application of the technique pre-
sented will be such that it will not require excessive 
calculations. The accuracy of the solution will depend on 
the location of the watershed being studied and the recur-
rence interval of the discharge required. 
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The technique for the evaluation of hydrologic relation-· 
ships on small watersheds is still in the embryonic stage. 
It is hoped that this study may serve to sti.mulate the 
thinking in this field. It may also serve to emphasize the 
rieed for further data of this ~ype, both as to increased 
length of record at the present stations and data for addi-
tional sites throughout the state. 
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II 
REV IE~v OF LITERATURE 
Flood frequency analysis has been a topic of study for 
many years. Articles dealing with various aspects of flood 
frequency analysis may be found in many publications ranging 
from scientific journals and proceedings of the various 
engineering societies 'to private, state, and federal publi-
cations. With such a myriad of literature available, a 
review of the literature must by necessity be brief and 
somewhat selective. The literature to be cited is limited 
to those investigations pertinent to the analysis conducted 
in this thesis. 
A. Station-Year Methodology 
Engineers have nearly always professed to suffer from a 
lack of data. In an effort to achieve a partial solution to 
this problem, the engineers of the Miami Conservancy District 
developed a technique to extend rainfall records. The 
"Station-Year Hethod", as developed by the Miami Conservancy 
District (6), assembles the rainfall data from the assorted 
rain gages in an area, combines the various individual 
records and treats the composite record of events as if it 
had occurred at a single gaging station. For example, if 
ten separate rain gages with ten. year records are combined, 
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it is assumed this combination is a single rain gage with 
100 years of record. Clarke-Hafstad (7) studied the 
station-year method and concluded that it is not completely 
valid because of the error introduced due to the data depen-
dence between stations. Using South Carolina data, this 
investigator presented a method for determining the number 
of independent stations. 
Most of the early studies involving the station-
year method were applied to rainfall data. It would 
seem, however, that if one is interested in flood control 
and thus in estimating peak rates of discharge, it would 
be very beneficial to apply the station-year method to runoff 
data. Fuller (8) was probably the first to apply this 
approach in the analysis of stream discharge data. Kinnison 
and Coalby (9) utilized it in a study of the relation of 
flood peaks to drainage characteristics in Massachusetts. 
The station-year method has two important provisions 
which restrict its use: 
To be reliable, (a) the data should be from an 
area "Meteorologically homogeneous", i.e., the expec-
tation of excessive rates should be approximately the 
same for all stations; and (b) there should be no depen-
dence between records, i.e., no single storm should be 
counted more than once, or if counted, the combined 
record should be adjusted for dependence (10). 
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Johnstone and Cross (11) and Dalrymple (12) conducted 
studies to overcome these restrictions. Johnstone and Cross 
studied forty streams in ·ohio by expressing each flood as a 
ratio to the median flood on the stream where it occurred. 
Statistical tests indicated a significant lack of indepen-
, 
dence "between station.S" .. Hmvever, exhaustive testing dfd 
not produce any evidence for questioning the hypothesis that 
the deviations of the individual stream records were attrib-
utable to sampling errors alone. Dalrymple's method, 
however, is composed of two major parts. The first is the 
development of basic dimensionless frequency curves repre-
senting the ratio of the flood of any frequency to an index 
flood (the mean annual flood). The second is the development 
of relations between physiographic characteristics of 
drainage areas and the mean annual flood, thus allowing 
prediction of the ruea'n annual flood at any point within the 
region. Combining the mean annual flood with the regional 
frequency curve, which is in terms of the mean annual flood, 
provides a method to develop a frequency curve for any loca-
tion. Both methods are currently used to determine flood 
flows in ungaged areas. 
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B. Plot Position Formulas 
The arialysis of an array of stream data for a given 
gaging station is begun by ranking the annual flood peaks in 
the order of magnitude, with the highest flood peak as rank 
number 1. Some measure of frequency must be computed so that 
a plotting position is obtained for each flood. In statistics, 
the plotting position would be the probability of a flood of 
equal, or greater magnitude, than each of the floods in the 
array. In flo9d frequency analysis it is customary to use 
the reciprocal of the probability in terms of years, which 
is called a return period or recurrence interval. 
There are numerous techniques by which the probability 
(recurrence interval) may be computed, particularily for the 
extreme events in which th.ere is the most interest. A fe\-1 
of the methods are described below. 
1. Weibull Method (13, 14) 
Tm • N+ 1 1) 
M 
where interval of 
. th 
item in the T a Recurrence M 
m 
array 
N = Length of record 
M• Rank of data item in the array; the 
largest being 1 and the smallest being M 
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This formula has a theoretical basis in that the recip-
rocal M/(N + 1), is the average of the probabilities of all 
floods with rank M in a series of N-year periods. The 
recurrence interval, (N + 1)/M, is conservative in that it 
is equal to N + 1 for the highest flood in N years, thus 
conforming closely to the period of record. When used in 
reciprocal for.m in the annual flood series, it represents 
the mean probability of occurrence for an annual flood of 
that size or large~ in any one year. Thus the 50-year flood 
so computed has one chance in 50, or a 0.02 average chance 
of occurring as an annual flood in any one year. 
This formula was used by Kimball (15). It is almost 
identical to the California Method (16), but does .not 
possess the theoretical deficiencies of the latter method. 
It gives virtually the same results as Gumbel's recurrence 
interval method (17, 18), which is based on the theory of 
extreme values, and is much simplier to use. A detailed 
explanation of the derivation of the formula is given by 
Langbein {19). 
2. Gringorten Method (20) 
Tm • N + 1 - 2a 
M - a 
where 0 <a< 1 
2) 
This method is quite similiar to Weibull's method of 
computing recurrence interval. The primary difference 
between the two methods is the inclusion of the factor "a" 
in the Gringorten method. This is a factor based on the 
size of the sample and therefore is an adjustment for 
sample size. Table I is a brief compilation of the factor 
"a" for various sample sizes. Due to the variety of the 
lengths of record for streams it would appear that this 
sample size adjustment would be quite helpful in approxi-
mating the true frequency distribution. 
3. Log-Pearson Type III Distribution (21) 
This method u~ilizes the Pearson Type III Method 
12 
of determining recurrence interval, or frequency distribution. 
As presented by Foster (22) and Jarvis (23), the Pearson 
Type III method required the use of natural data and the 
distribution closely fitted to the data because it is 
defined not only by the mean and standard deviation of the 
array of flood peaks, but also by the coefficient of skew 
of the array. A discussion of the Pearson Type III distri-
bution is given by Elderton (24). 
The current practice, however, is to transform the 
natural data to their logarithms and then to compute the 
statistical parameters, as described below. 
TABLE I 
SAMPLE SIZE VARIATION OF a* 
N 10 20 30 40 50 60 70 80 90 
a 0.488 O.l~l~3 0.442 0.441 0.440 0. 4l~O 0.440 0.440 0.439 
* After Gringorten, 1963 
NOTE: A more comprehensive table was used in determining 
the frequency distributions in the study. 
13 
14 
a. Compute the mean of the logarithms: 
b. Compute the standard deviation of the logarithms: 




N2 L:x3 - 3N~X~X2 + 2(~X) 3 
g .. - N(N-l).(N-2)"s3 
d. Compute the logarithms of discharges at selected 
recurrence intervals: 
Log Q • M1 + (K)(S) 
e'. Determine the antilog of 11Log Q", from equation 8, 
to obtain the flood discharge. 
where X • logarithm of discharge 
N • length of record for the station being 
studied 
M1 • mean of the X's 







g = skew coefficient (-3.0 s g 5 3.0, at 
intervals of 0.1) 
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K = log-Pearson Type III coordinate expressed 
in number of standard deviations from the 
mean for recurrence intervals of 1.01, 
1.05, 1.11, 1.25, 2, 5, 10, 25, 50, 100, 
and 200 years 
4. Hazen Method (25) 
Tm = 2N 
2M-l 
This formula results in a recurrence interval of 2N 
for the highest flood of record. This constitutes an 
artificial lengthening of the period of record. 
5. Gumbel Method {17, 18) 
9). 
The theoretical plotting by Gumbel is based on the 
asslli~ption that the observed Mth value is the most probable, 
or modal, value of this rank of flood. Its return period is 
therefore skewed towards the mode of the theoretical dis-
tribution. Dalrymple {26) states the Gumbel theory does not 
apply strictly to floods for the following reasons: 
a. It is assumed that the same treatment derived for 
daily discharges can be applied to peaks. 
b. The daily discharges are not independent events. 
c. The 365 daily discharges in a year do not constitute 
a large number as predicated by the theory. 
d. The annual peaks under consideration do not come 
from the same statistical population. 
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In spite of this, the Gumbel plot position method has 
some value because in certain ranges, particularily the low 
range, the frequency curve tends towards a straight line. 




This method is based on the assumption that the Mth 
-
value is the median value for all floods of rank M within 
10) 
the same period of time. This method results in a recurrence 
interval of approximately 1.44 N for the highest flood in 
N years. Results from this method are intermediate between 
those from the California method and those from the Hazen 
method. 
Several additional minor formulas which have been used 
are included below; 
Chegodayen Method (29, 30, 31) 
T = N+0.4 
m M-0.3 
Blom Method (32) 





Tukey Method (33) 
T = 3N + 1 
rn 3M - 1 
13) 
It may be noted at this time that all methods of deter-
mining plotting positions give practically the same results 
for the central portion of the distribution but produce 
different frequency positions near the extremes of the 
distribution. Thus, the choice of a plotting position 
formula becomes important to the investigator. According 
to Benson (34), it is believed that only by use of a method 
that gives the mathematically expected value of the prob-
ability does the expected recurrence interval equal that 
experienced over a long period of time. Therefore, a 
refined choice of a method depends on the acceptance of 
certain statistical principles and on the· aim of the analysis. 
c. Regionalization 
A frequency c~rve developed from the records at a gaging 
station is applicable only to the site of the station. More 
often than not the information is wanted at a site which is 
ungaged. It would be highly desirable to be able to combine 
the flood data for gaging stations in a drainage basin or 
for several drainage basins in a region. A relationship 
of the resulting flood frequency data to some measureable 
18 
characteristics of the basins could be developed. This 
procedure would reduce the sample length error which occurs 
in a single gaging station study, and would give the data 
regional significance. The flood frequency functions 
developed in this manner should -be applicable to ungaged 
basins in the region. 
What criteria should be established to determine which 
streams may be grouped into regions? Should it be on the 
basis of topographical similiarity or proximity, discharge 
magnitude, climatic factors, meteorological characteristics, 
or a combination of these? And to what areal extent can the 
combining be done? These questions are intertwined exten-
sively and are only partially answered by stating that 
records w·hich are combined must come from streams that are 
11homogeneous with respect to flood-producing characteristics". 
Benson (35) conducted a study of the New England area and 
considered a six state region to be homogeneous. The 164 
basins in the study ranged in size from 1.64 square miles to 
9,661 square miles, with lengths of record from 10 to nearly 
100 years. Numerous agencies have studied records of gaging 
stations for particular states and have concluded that the 
states sho_uld generally be divided into 2, 3 or even more 
regions. Searcy (36) conducted an extensive study of the 
state of Missouri and concluded that the state should be 
divided into 8 separate hydrological regions and 4 flood-
frequency regions as shown ln Figures 1 and 2. 
1. Dalrymple's Homogeneity Test {12) 
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Dalrymple's homogeneity test is basically a comparison 
of the slope of the frequency curves for the various stations 
used in the study. From a knowledge of the hydrology of the 
region being studied, areas are delineated that are expected 
to have similiar ratios of Q10 to Q2 • 33 • Commonly, the 
boundaries of the areas will be governed by either physio-
graphy or mean annual precipitation. 
The comparative slope of the individual curves between 
Q10 and Q2.33 is computed for each station. The mean annual 
flood for each station is then multiplied by the average 
of these ratios. The length of record in years and the 
recurrence interval corresponding to the discharge is obtained 
from the frequency curve for e.ach station. A set of test 
curves has been prepared that shows the range of recur-
rence inter.vals which should contain an estimate of a 10-
year flood for a specified length of record. A range of 
two standard deviations is allowed. If all points plot 
within the limits, the records are probably homogeneous and 
the records from the stations may be grouped together. If 
one or more of the stations does not plot within the limits, 









it is assumed that the record for that station is not homo-
geneous with the other stations and should not be combined 
with them. 
2. A Statistical Homogeniety Test 
The question whether the records in a group are homo-
geneous may be answered in a statistical sense by determining 
whether ~hey differ from one another by amounts that cannot 
reasonably be expected by chance. Naturally, no two records 
precisely represent the same experience nor have exactly 
comparable characteristics. On the other hand, where these 
differences are no more than those due to operations of 
chance, it can be readily concluded that the differences 
merely represent different aspects of the same thing. The 
problem is to calculate the variation to be expected and to 
set a limit to the acceptable variation. The slope of the 
frequency curve, or the standard deviation of the data, is 
used as the basis of the statistical test. The test is 
briefly described below. 
If we have independent sample of sizes n 1 and n2 from 
the normal distributions NC)J,o-;z) and NC_p.a, ~~) respectively, 
and we wish to test the hypothesis (at a given significance 
level): 
•• l" .. 
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H: 
0 = 14) 
against the alternative 
H. 15) 
on the basis of the sample sized n 1 and n 2 and sample vari-
2 2 
ances S1 and S2. It can be shown that (S~;t~zJ;ts:;q;) is a 
Snedecor F ratio with (n1 - 1, n 2 - 1) degrees of freedom (37). 
The critical region for the two-sided test described by 
equations 14 and 15 above consists of a set of values of 










are significantly different at the 100 J..% level of 
16) 









for ~ tr.t 
II. 
, the (si, S~) are not significantly different at 
the 100 cf..% level of significance. If the test shows that 
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the records for two stations are not significantly different, 
they may be considered homogeneous, 
III 
DESCRIPTION OF STUDY .AREA 
.A. Topography and Geology 
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The state of ~lissouri may be divided into three distinct 
topographic and geologic areas. These are the Plains Section, 
the Ozark Plateau Section, and the Southeast Lowlands Section. 
These areas are shown in Figure 3 (38). It should be noted 
that none of the stations selected for use in this study 
are located in the Southeast Lowlands Section. .Although 
this section of the state has several stream gaging stations 
it also has an extensive system of canals inter-connecting 
nearly all the streams in the area. During periods tif p~ak 
flow these canals are used to regulate the discharges of many 
of the streams, which makes the data from the area unaccept-
able for use in this study. 
1. Plains Section 
The plains Section encompasses almost all of the state 
north of the Missouri River (Till or Glaciated Plains) and a 
large arca·south of the Missouri River {Osage or Western 
Plains). The eastern portion of the Till Plains is generally 
an undulating prairie with rolling hills, while the western 
portion is more hilly. Elevations vary from 450 feet above 
... •. 
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Misso u Rl' s PHYSIOGRAPHtC DIVISIONS 
fiGURE 3 
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sea level near the Mississippi River to 800-1000 feet above 
sea level in the west. The Osage Plains contain the most 
level portion of the state. 
Northern Missouri has been extensively modified by 
·glaciation. Varying thicknesses of glacial drift and loess, 
ranging from a few feet to more than 300 feet, cover the 
area. The glacial drift generally consists of jointed, 
moderately permeable glacial till with lenticular bodies 
of sand and gravel. The loess varies from jointed, perme-
able silt, reaching thicknesses of more than 50 feet along 
the Missouri and Mississippi Rivers, to relatively impermeable 
loess derived claypan soils on the plains of north-central 
Missouri. The dissected areas of northern-Missouri near the 
major rivers and large tributaries are mantled by moderately 
permeable soil that is derived from the glacial drift or 
reworked loess. The plains between the rivers are underlain 
by claypan soils and seepage rates are sharply reduced as a 
result of the nearly impermeable clay subsoil. The University 
of Missouri Extension Service has studied rates of runoff 
and infiltration to the soil as affected by slope and vege-
tation (39, 40). 
The western part of Missouri is underlain by Pennsyl-
vanian deposits of sandstone, shale, and thin limestones. 
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Soil cover is thin over the southern part of this region and 
thick, but with claypan subsoil, over the northern part. 
Therefore seepage is slow and flash floods are frequent 
because of the high rate of runoff. Due to the poor base 
flow potential of the streams it is necessary to utilize 
storage reservoirs for effective utilization of surface 
water supplies. 
2. Ozark Plateau Section 
The Ozark Plateau Section comprises about half the 
state. It is a rugged area of deep, narrow valleys with 
sharp ridges separating the valleys. The elevation of the 
Ozark Plateau varies from 1000 feet to more than 1600 feet 
above sea level. 
During the accumulation of its thousands of feet of 
Paleozoic sediments, the area repeatedly became a positive 
area. It has been a land area continuously since Pennsyl-
vanian time. It is commonly called the Ozark Dome because of 
it general topographic contour and prevailing outward dip of 
Paleozoic formations. 
The geological units of the Ozark Plateau are primarily 
the Mississippian and Ordovician systems. The highest area 
of sedimentary rocks is on Mississippian formations near the 
.. "". 
western end of the dome. But the highest region in the. 
state is found in the St. Francis Mountains in the south-
eastern portion of the state. 
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The rocks of the area are predominantly calcareous. and 
solution reduction has occurred on a considerable scale. 
Missouri alone has more than 1450 catalogued caves. Yet 
karst topography is rather limited as compared with the 
same formations in Kentucky and Tennessee. The caves 
have been interpretted as largely the product of subwater-
table circulation under a mature topography that vanished 
with peneplanation. 
Two extensive formations of the Ordovician Age, the 
Roubidoux and the Gasconade, are capable of storing and 
transmitting large quantities of water. Consequently, the 
streams of the Ozark Plateau generally have the highest, 
most well-sustained base flows in the state. This region 
is the most sparsely populated region in the state, thus 
there are large volumes of water available for both commercial 
and domestic development. 
B. Climate and Precipitation 
M1ssouri is.an inland state with a continental climate; 
that is, the weather is changeable with large variations in 
temperature and precipitation. The average annual rainfall 
, -
ranges from 35 inches in the northl>les t to 46 inches in the 
southeast. TI1e average annual temperature range from 
northwest to southeast is 54 to 59 degrees fahrenheit. 
The total seasonal snowfall from year to year ranges 
from 5 inches to nearly 40 inches, and averages about 18 
inches. Snow plays an infrequent role in the occurrence 
and magnitude of'floods. 
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Summer rainfall frequently occurs as thundershowers 
Hhich are occasionally severe. At times, more than 10 
inches of rainfall has been recorded in 24 consecutive 
hours. The '"orld 1 s most severe 42-minute rainfall, a total 
of 12 inches, lias measured on Fishing River Basin at Holt, 
Missouri, on June 22, 1947 (41). 
The diastrous floods of July 18 - 23, 1965 in north-
western Missouri were of a frequency greatly in excess of 
the defined 50-year flood (/+2). Recurrence :tntervals of 
both rainfall and runoff were extremely high. 
Rainfall totaled more than 20 inches in the towns of 
Rockport and Edgerton during the period July 17 - 20, 1965. 
Rainfall recorded at Edgerton, in a 24-hour period, was 
2.5 times the 100-year point rainfall for northwestern 
Missouri. The average rainfall that occurred over a 400 
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square mile area, in 24-hours, was almost double the amount 
expected for the 100-ye~r rainfall. No official estimate 
was made for the recurrence interval of the flood. 
Peak discharges at 23 flood measuring sites exceeded 
the 50-year flood discharge. At 10 of these sites the 
peak discharge was from 2 to 6 times as large as the 
discharge for the 50-year flood. The highest knm-1n unit 
rate of runoff ever recorded in Missouri, 6690 cubic feet 
per second per square mile, was experienced on Boney Branch 
at Rockport. The Little Platte River at Smithville crested 
7.4 feet higher than any previously known flood. 
A knowledge of the seasonal distribution of floods is 
necessary for many purposes, including planning construction 
in an area subject to flooding. A study of seasonal flood 
distribution in Missouri reveals that the state receives more 
rainfall and experiences more flood peaks in June than in 
any other month (43). Spring rainfall produces greater 
flood peaks than equivalent amounts of rainfall in the fall. 
In the spring the ground contains more moisture due to 
snowmelt and other spring rains, resulting in an increased 
amount of runoff. 
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IV 
DETERMINING DOMINANT BASIN Cl~RACTERISTICS 
The data obtained from the watersheds selected for 
use in this study will be used in a multiple regression 
analysis to determine the relationship betHeen discharge 
and various basin characteristics. The results from this 
analysis, in conjunction with Cl station-yet:~r combining of 
discharge data, will be employed to estimate flood discharges 
for various recurrence intervals. 
A. Selection of Stations 
Stream gaging stations used in this study were selected 
from the watersheds presently being gaged by the U. S. Geo-
logical Survey, Water Resources Division and are located 
* in Parts 5, 6, and 7 within the state of Missouri.. These 
stations are listed in Table II. A simplified nl~bering 
system is employed in this thesis and is shown on the map 
of Missouri (Fig. 4). 
Initially, 67 watersheds were considered for study, 
hm.;ever, it became necessary to remove six of these stations 
which failed to meet the established requirements. The criteria 


















5-4951 Big Branch Trib. 
near Wayland 
5-4977 Bridge Creek Branch 
near Baring 
5-5012 Nicholas Branch 
near Palmyra 
5-5027 · Easdale Branch 
near Shelbyville 
5-5030 Douglas Creek 
near Edmen 
5-5047 Bean Creek 
near Mexico 
5-5136 Camp Creek 
near Elsberry 

















( 1 55-'67) 
2.58 9 












( 1 55- 1 67) 
13 
{ 1 55-'67) 
10 
( 1 55-'57) 
( 1 61- 1 67) 
18 
('50-'67) 
* Corresponds to U. S. Geological Survey, Water 





















White Cloud Creek 6.06 
near Maryville 
Big Slough 1.30 
near Wilcox 
Jenkens Branch 2.72 
at Golver 
E. Fork Fishing R. 20.0 
at Excelsior Springs 
Thompson Branch 5.58 
near Albany 
O'Neil Branch 0.80 
at Osborn 
Simpson Branch 4.72 
near Bethany 
Hamilton Branch 2.51 
near New Boston 
Onion Branch 1.04 
at St. Catherine 
Strop Branch 0.96 
near Novinger 
Puzzle Creek 0.80 
near Salisbury 
Shaver Creek Trib. 1.65 
near Olifton City 
S. Fork Blackwater R. 16.4 
near Elm 
Trent Branch 0.97 
near Waverly 



















('56- 1 67) 
13 
( 1 55-'67) 
13 




('55- 1 67} 
14 
( 1 54-'67) 
13 
























West Crawford Creek 











35. 6-9254.5 Little GrBvois Creek 
near Versailles 
36. 6-9262 
37. 6-9 27 2 
























( 1 52-'66) 
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('57- 1 67) 
11 




( 1 58-'67) 
16 













Station USGS Station 
Number Number* Name 
38. 6-9276 Wheeler Branch 
near }1ountain Grove 
39. 6-9282 Laquey Branch 
near Hazelgreen 
40. 6-9290 Coyle Branch 
at Houston 
41. 6-9310 Beaver Creek 
near Rolla 
42. 6-9315 Little Beaver Creek 
near Rolla 
43. 6-9316 Pallsell Branch 
near Rolla 
44. 6-9350 Rumbo Branch 
at Danville 
45. 7-0112 Love Creek 
near Salem 
46. 7-0113 Ragan Branch 
near Rolla 
47. 7-0115 Green Acre Branch 
near Rolla 
48. 7-0120 Behmke Branch 
near Rolla 
49. 7-0150 Bourbeuse River 





















( 1 55-'67) 
10 
( 1 58-'67) 
15 
( 1 50-'55) 

























Station USGS Sta·tion Drainage Length of 
Number Number* Name Area Record 
{Sq. Mi.) {Yrs.) 
50. 7-0157 Lanes Fork 24.1 22 
near Vichy ( 1 44- 1 45) 
('48- 1 67) 
51. 7-0175 Dry Branch 3.65 12 
near Bonne Terre "('56-'67) 
52. 7-0177 Fountain Farm Branch 2.16 11 
near Potosi ('57-'67) 
53. 7-0207 Hoehs Branch 1.66 13 
near Uniontown _( 1 55-'67) 
54. 7-0355 Barnes Creek 4.03 12 
near Fredericktmm ('56-'67) 
55. 7-0377 Clark Creek 4. 39 11 
near Piedmont {'57-'67) 
56. 7-0508 Maple Grove Branch 0.64 11 
near Ozark { 1 57- 1 67) 
57. 7-0539.5 Ingenthron Hollow 0.65 11 
near Forsyth ('57-'67) 
58. 7-0541 Cedar Hollow 0.83 11 
at Bradleyville ('56-'66) 
59. 7-0618 Bradley Hollow 1.00 12 
near Centerville ( 1 55-'66) 
60. 7-0645 Big Creek 8.36 18 
near Yukon ( 149-'66) 
61. 7-0647 Fudge Hollmo1 1.72 11 
near Licking ( 1 57- 1 67) 
62. 7-0668 Sycamore Creek 0.88 13 
near Winona ( 1 55-'67} 
Station USGS Station Drainage 
Number Number* Name Area 
(Sq. Mi ~ 
63. 7-0682 N. Prong Little Black 1.23 
R. at Hunter 
64. 7-0691 Adams Branch 2.27 
near West Plains 
65. 7-0700 King's Creek 4.91 
near t·lillow Springs 





near Willow Springs 
7-0718 Williams Spring Branch 4.21 
near Alton 
7-1855 Stahl Creek 
near Miller 
7-1856 s. Fork Stahl Creek 
near Miller 









( 1 58- 1 67) 
13 
( 1 55- 1 67) 
12 
( 1 56-'67) 
13 
( 1 55-'67) 
13 
( 1 55-'67) 
18 
( 1 50-'67) 
17 
( 1 51-'67) 
13 





.. , : 
for selection is as follows: (1) a station must have a 
length of record of 10 years; and (2) an area between 
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0.60 and 25.0 square miles. However, streams meeting these 
criteria could b~ eliminated if (1) they were excessively 
controlled by man; (2) an excessive amount of the watershed 
was located in an urban area; or (3) the records were 
inadequate. The six streams in the initial listing were 
thus eliminated for one or more of these reasons. 
Thirty-six additional sites throughout the state were 
considered. These were annual maximum discharges at crest-
stage partial record stations. Of this group, nine were 
found to be satisfactory for use in the study. Table III 
presents a listing of the distribution of the watersheds, 
by area and length of record, which were used in this study. 
Two stations with records of less than 10 years were 
included in the study. These stations are both in the north-
east portion of the state and lvere required to give a more 
thorough coverage of that portion of the state. It should 
be re-emphasized that·there are no stations in the south-
east lowlands portion of the state. 







5.01 - 25.0 
~GTH OF RECORD 
10 or less 
11 - 15 
16' - 20 
21 or more 
TABLE III 
DISTRIBUTION OF STATIONS 
BY AREA AND LENGTH OF RECORD 











B. Basin Parameters 
F'loods are ordinarily caused by runoff from rainfall or 
snowmelt. After the precipitation reaches the ground its 
rate of runoff is influenced by many factors. The factors 
which determine the discharge characteristics of any water-
shed are innumerable, some having a major bearing on those 
characteristics while others are of negligible consequence. 
These factors may be combined under two headings -
Hydrometeorological and Physiographic Factors. 
1. Hydrometeorological Factors 
Meteorological factors such as temperature, dew-
point, winds, radiation, and precipitation affect the 
amount of runoff. In the search for independent parameters 
to be used in the regression analysis it would seem that 
the amount of precipitation would be the most obvious and 
first selection. Closer examination discloses that the 
amount of precLpitation is dependent on factors such as the 
type of storm producing the precipitation, the intensity of 
the storm, its duration and movement across the basin. It is 
readily seen that the hydrometeorological factors are intri-
cately interwoven, with perhaps temperature and rainfall 
being classified as the most independent. 
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2. Physiographic Factors 
Once runoff has started, its time rate of discharge is 
controlled by the physiographic characteristics of the 
drainage basin. These characteristics may be either surface 
or underground features. The most important factor is, 
intuitively, the size of the drainage basin, because a 
larger surface area allows more runoff and a larger peak 
discharge. 
When water falls on a watershed it first flows by an 
overland route to small channels, then to progressively 
larger channels through a complex drainage pattern to a 
stream 1;vhere a gaging point is located. The land slopes, 
tributary slopes, and the main-channel slope are important 
factors in determining the velocity of the flow. Ground 
cover and channel-bed materials are ret~rding influences, 
representing the roughness (the friction coefficients in 
hydraulic formulas). However, some of the water arriving at 
the gaging station travels by subsurface routes. Consequently, 
the type of soil and the geology may also affect the rate 
of runoff. 
Drainage patterns also influence the timing of the 
discharge hydrograph measured at the gaging station. 
Orientation of the basin with respect to storm patterns 
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common to the area may influence the amount or distribution 
of rainfall on the watershed. Runoff may be stored in lakes, 
ponds, or the river channel to reduce the flood peak. 
Factors such as g~ology, land use and crops, altitude, 
channel geometry, basin rise, basin shape, and the number 
of trees to intercept precipitation also may affect the run-
off from a watershed. Mitchell (44) used basin lag (time 
lag bet~-1een the center of rainfall. and the center of runoff) 
as a factor to define the runoff temporal characteristic. 
This time lag represents the composite effect of most or all 
of the topographic factors. . This time lag is very useful, 
but is rather difficult to define for streams which have 
records dating back many years. 
C. Selected Characteristics 
From the many factors which effect the discharge from 
the basin it is necessary to select those which have the 
greatest affect and to evaluate them. As previously stated, 
it is highly desirable that th~ procedure used be one in 
which the data for the various characteristics are easily 
obtained. Therefore, the most desirable characteristics are 
those which may be obtained from available topographic maps. 
The factors of a~ea, slope, length of main channel, and the 
distance from the gaging point to the centroid of the area 
...... 
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were selected as the characteristics to be used in the study. 
Previous studies have sho~m that these parameters have a 
marked affect on the discharge from a watershed, and all can 
be obtained from a topographic map. 
1. Area 
The drai.nage area, A, of each watershed was outlined on 
a topographic map and the area measured in square miles by 
use of a planimeter. This area l-Tas compared to the value of 
the area published by the U. S. Geological Survey to verify 
that. the proper watershed area had been used. 
2. Slope 
There is no universally accepted manner to compute the 
slope of a watershed. In an effort to determine a technique 
for calculating the slope which would prove to be most signif-
icant, three different methods were used and compared in the 
study. 
a. S(H-L) - This technique uses the total fall from 
the basin divide to the gaging point and the length of main 
channel between them, as shown in Figure 5. It has the 
advantage of being ve.ry easy to use, however, it does place 
considerable emphasis on the extreme upper reaches of a 
stream. Generally, upper reaches of a stream will rise much 
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more rapidly than the rest of the stream and consequently 
the value of S(H-L) does not give a true picture of the 
slope of the channel. 
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b. S - This method of determining the slope was intro-
duced by Gray (45). The mean channel slope is the slope of 
a line drawn from the gaging point such that the areas 
contained in sections A and B of Figure 6 are equal. 
This technique lessens the effect of the upper reaches 
of a watershed which are rather steep and not indicative 
of the slope throughout the channel. However, the method is 
quite tedious to evaluate. 
c. S(BS-lO) - This technique for computing the slope 
of a stream was introduced by Benson (35). The slope is. 
computed by measuring the elevation and distance between b~o 
points on the main channel of the watershed. These two points 
are 10% and 85% the distance from the gage to the divide, as 
measured along the main channel (See Figure 7). This slope 
is easier to compute than S, and also takes into account the 
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3. Length of Mai.n Channel 
As noted by Morisawa (46), the length of a stream, L, 
should be measured from the topographic maps using the end of 
the V-shaped contours rather than ceasing at the end of the 
stream printed in blue. To define the main channel length, 
it is extended upstream (as indicated by the contours) beyond 
the end of the blue line delineated on the map to the top of 
the ridge forming the watershed boundary. The total muin 
channel length includes this extension, and is the length 
used in the computation of slope. It should be noted that 
maps of the same area, but having different scaJ.es or dif-
ferent dates, show varying degrees of meandering, and there-
fore different lengths. 
4. Shape Factor 
The length to the centroid of the area, L , is defined 
. c 
as the distance, measured along the main channel, from the 
gaging point to a point on the main channel closest to the 
centroid. Most small streams flm·l _through the center of the 
watershed and the centroid will lie near the stream (See 
Figure 8). 
.. """ 
NOTE: ® INDICATES 10% AND 85% POINTS 
FOR DETERMINATION OF SLOPE. 
FIGURE 8 TYPICAL MISSOURI WATERSHED 
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v 
INVESTIGATION AND RESULTS 
A. Preliminary Analysis of Data 
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Once the maximum annual discharges for the period of 
record at each of the 70 basins were obtained it was necessary 
to perform a series of mathematical calculations on each of 
the 70 data arrays. To accomplish this myriad of computations 
numerous computer programs were written. These programs 
computed statistics for each watershed and region, plotted 
the data, performed a homogeniety test, determined the 
dependency of the data and eliminated dependent samples, 
performed a multiple regression analysis and a station-year 
analysis on the data. To attempt a manual solution to these 
problems would have indeed been an awesome task. The 
computer accomplished all of these tasks much more rapidly 
and accurately than would have been possible manually. 
1. Computing Statistics 
A st~tistical program was written to perform the fol-
lowing tasks: 
a. Rank the data in each of the 70 arrays. 
b. Compute ,the recurrence interval using the Weibull 
and Gringorten plot position formulas. 
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c. Compute the corresponding frequency factor, K. 
d. Compute the discharge for recurrence intervals of 
1.01, 1.05, 1.11, 1.25, 2, 5, 10, 25, SO, 100, and 
200 years using the log-Pearson method of flood 
frequency analysis. 
e. Compute the mean, standard deviation, variance, 
mode, median, skew coefficient, and several other 
statistical factors. 
2. Plotting Procedures 
Since nearly all of the stations used in the study had 
lengths of record of less than 20 years, it was necessary to 
estimate the floods for recurrence intervals of 25 and 50 
years. To accomplish this a special plotting paper known as 
extrew~l probability paper, or Gumbel-Powell probability 
paper was used. Powell (47) originally constructed the 
probability paper for application to Type I extremal flood 
frequency distribution proposed by Gumbel (48). A further 
modification of the pa-per was made by Court ('•9). 
A computer plot routine was written to facilitate the 
rapid, accurate and uniform plotting of the data. The routine 
plots the flood discharge data versus the recurrence interval 
or frequency factor, K (See Figure 9). The frequency factor 

















-1.60 -1 0 . I 2 3 4 
K 
FIGURE 9 PROBABILITY PAPER ~,, 
~ 
where K • frequency factor 
T = recurrence interval 
m 
y = 0.5772 
ff- 3.1417 
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Equation 19 is used to compute the relationship between the 
frequency factor a1;1d the recurrence interval. The flood 
dnta plots a straight line on the transformed scale if it 
follows the theoretical law of the Type I extremal distri-
bution. 
Since the computer was used to plot the data it was 
most practical to use an analytical method to fit the curve 
to the data points. The least squares method was employed 
in determining the line that best describes the trend of the 
data. The routine also computed the magnitude of discharge 
which could be expected with recurrence intervals of 2.33, 
5, 10, 25, and 50 years, both for the Weibull and Gringorten 
plot position techniques. Each computer plotted curve was 
checked by fitting a best curve by eye. If the t"m curves 
were not in good aggreement the data was analyzed to determine 
which plot reflected the true trend of the data. This was 
done to prevent a single extremely large flood from unduly 
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influencing_ the curve such that it did not reflect the trend 
of the data. It was necessary to replot several curves for 
stations with exeptionally high discharges for one or more 
years. 
B. Multiple Regression Analysis 
A multiple regression analysis was employed to estab-
lish a relationship between the flood discharge and a set of 
parameters, or basin characteristics. A regression technique 
is used for estimating a dependent variable (discharge) from 
various independent variables (basin characteristics). The 
relationship between three or more variables is called a 
multiple regression or multiple correlation. 
The functional relationship which was chosen to show 
the relationship between the dependent and independent vari-
ables is of the form: 
F C Xa Yb Zc T a f 20) 
where FT • Flood discharge for recurrence interval T 
X, Y, and Z = the independent parameters used in the study 
c • Regression coefficients obtained from the 
multiple regression analysis 
•: ... 
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During the initial regressions only the mean annual 
flood was used as the dependent variable since it is the 
most accurately defined by any given data array. It should 
also be noted that although the writer mentions only one set 
of frequency data, the same analysis was made for the data 
derived from the Weibull, Gringorten, and log-Pearson plot 
position formulas. 
C. Selection of Regions 
To meet the requirements that stations which are to be 
combined must come from a hydrologically homogeneous area, 
the homogeniety test described earlier was used. Each 
station was tested against every other station to permit a 
thorough analysis for homogeneous regions. The results of 
the homogeniety test are shown in Appendix 1. This data was 
transposed to 18 maps of the state showing all stations and 
which stations had been tested as being homogeneous with 
them. 
To determine the best regional divisions, the state 
was divided into homogeneous regions, varying in number from 
three to six, while five separate multiple regression anal-
yses were made. The mean annual flood was regressed against 
12 combinations of the basin parameters (A, L, Lc, and S). 
There was no combination of parameters which displayed 
exceptional accuracy in all regions. To this point of the 
study there had been approximately 900 separate multiple 
regressions performed using various combinations of the 
parameters. 
Based on the results from the homogeniety test and 
the multiple regression analyses, the final division of 
the state into homogeneous regions was accomplished. 
Figure 10 shows the regions and stations therein. Com-
parison with geological and topographic maps of the state 
discloses how closely these divisions conform to the 
natural divisions within the state. 
D. Selection of Defining Relationship 
The coefficient of multiple correlation (r) and the 
standard error of estimate (SE) experienced most commonly 
for the mean annual flood regression were 0.83 and 0.21 
respectively for the log-Pearson method, and 0.85 and 0.19 
respectively for the Heibu11 and Gringorten methods. 
Throughout these tests the data obtained from the Heibull 
58 
and Gringorten plot position formulas yielded almost iden-
tical results. The data obtained from the log-Pearson method 
yielded results which were slightly more sporadic in accuracy, 
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RESULTS FOR COEFFICIENTS 
FROM MULTIPLE REGRESSION - WEIBULL 
(Mean Annual Flood Determination) 
L Lc SH-L s 885-10 
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313 0. 73. 
TABLE V 
RESULTS FOR COEFFICIENTS 
FROM MULTIPLE REGRESSION - GRINGORTEN 





























































































RESULTS FOR COEFFICIENTS 
FROM MULTIPLE REGRESSION - LOG-PEARSON 





















































































From Tables IV,.V, and VI, it is readily observed that 
there was little variation in the accuracy of the results 
using the various basin parameters to analyze the 70 
stations. From the almost 900 regressions it was observed 
that the best results were generally obtained when the 
relationship contained three independent parameters: area, 
* a length parameter, and a slope parameter. The shape fActor, 
L , nearly alvmys yielded more accurate results than the 
c 
length, L, when used in comparable computations. The 
length parameter was therefore eliminated from any further 
computations. 
The next parameter eliminated was the slope factor, 
SH-L. This ~vas to be expect:ed because of the unwnrranted 
value it placed on the extreme upper and lower reaches of 
the stream • 
.At this time it was observed that when L was used in 
c 
th.e relationship. the coefficient of rnul tiple correlation 
<:~nd the standard error of estimate were slightly better than 
'i.vhen it was eliminated. However, the numerical vnlues of FT 
* Note: The presentation of the results of the regression 
analyses and other computer programs would burden this thc::.sis 
with unnecessary data. If the reader should wish to pursue 
the computations further, all data and programs are on file 
in the Civil Engineering_Department, University of Nissouri-
Rolla. 
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were ne~rly equal for each relationship. L was eliminated 
c 
because of the effort involved in computing it and little 
accuracy was sacrificed. 
After an extensive search through the results of the 
multiple regression analyses, it was concluded that the 
X -y X y 
relationships FT = Cf A S and FT = Cf A S8S-lO produced 
nearly identical results. ~was eliminated due to the 
complicated procedure involved in its computation. It was 
therefore decid~d to use only the relationship FT = Cf Ax S~S-lO 
in the remaining portions of the study. 
The relationships for recurrence intervals of 2.33, 5, 
10, 25, and 50 years were computed and are shown in Table VII. 
The values computed corresponding to a recurrence interval 
of 50 years were used again in the study. 
E. Station-Year Analysis 
As previously stated, the station-year method is a 
procedure by which a series of short records are combined 
to form one long record. There are two very important 





























Regression Equation Coefficients and Exponents 
X y 
FT a CfA 585-10 
T cf X y r (yrs.) 
2.33 357 0.53 0.15 0.67 
5 566 0.45 0.16 0.58 
10 732 0.41 0.16 0.53 
25 944 0.38 0.16 0.49 
50 1101 0.36 0.16 0.47 
2.33 400 0.54 -0.38 0.96 
5 612 0.53 -0.54 0.94 
10 776 0. 52 -0.57 0.93 
25 ·978 0.51 -0.63 0.91 
50 1127 0.51 -0.66 0.90 
2.33 319 0.85 0.06 0.86 
5 485 0.87 0.18 0.83 
10 617 0.88 o. 23 0.81 
25 784 0.89 o. 27 ·o. 81 
50 904 o. 89 0.29 0.80 
2.33 520 o. 29 0.77 0.77 
5 907 0.11 1.19 0.86 
10 1176 0.06 1.36 0.89 
25 1555 0.01 1.48 0.90 
50 1838 -0.02 1.54 0.91 
2.33 250 0.72 0.17 0.87 
5 405 0.67 0.14 0.86 
10 530 0.65 0.13 0.86 
25 688 0.64 0.12 0.85 





























1. Homogeniety of Stations 
All stations which are to be combined must come from 
a hydrologically homogeneous area. If the stations which 
are to be combined are in a homogeneous area, then over an 
extended period of time they will have very nearly the same 
frequency distribution. This item has been discussed pre-
viously and the requirement for homogeniety has been met. 
2. Independence of Data 
It is necessary that all data used is a separate, 
independent event and is not a reflection of an equally 
great or greCJter event whic_h occurs at an adjacent station. 
It is therefore necessary to remove all annual maximum 
discharges which occur within a homogeneous region as a 
result of the same storm or group of storms. Every annual 
maximum discharge for each station was compared to all other 
annual maximum discharges in the region. Any of these which 
occurred within 24-hours of any other annual maximum dis-
charge in the region was segregated for further analysis. 
If two or more maxlmum annual discharges occurred 
within 24-hours of each other it is necessary to determine 
which discharge is the most significant to the study. A. 
discharge of 500 CFS from a drainage area of 2 square miles 
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indicates a larger magnitude flood, in CFS per square mile, 
than a discharge of 2000 CFS from a drainage area of 20 
square miles. To determine a figure for the relative magni-
tude of each flood, the maximum annual discharges 1;"ere 
X y divided by A s85_10 , with values corresponding to x and y 
as shown in Table VII for a recurrence interval of 2.33 
years. The larger the value of the ratio the larger the 
relative magnitude for the discharge. The discharge with 
the largest ratio was then returned to the sample while the 
other floods occuring on the same date were permanently 
removed. 
Almost 420 individual maximum annual discharges were 
removed from the five regions. That means that approxi-
mately 45% of all the data was removed to meet the require-
ment of independence of data. The maximum annual discharges 
which remain in the 5 regions are independent of all the 
other maximum annual discharges in the regiori. The data 
may now be combined for it is has met the requirements for 
the station-year method. 
F. Modified Station-Year Method 
To this point the station-year method has not been 
employed in the analysis, but it has been the ultimate goal. 
The independent data can now be employed to produce a 
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simplified or general procedure for determining the mag-
nitude of a flood of any recurrence interval up to 50 years 
for any stream meeting the requirements. 
A quick review of Table VII will show that the values 
for the coefficients x and y do not vary a large amount. 
This is particularity true between F10 and F50 • The only 
real change being in the value for Cf. This consistency of 
the coefficients x and y indicates that a relationship may 
exist for which the values of Cf may be defined for various 
recurrence intervals. The values of x and y corresponding 
to a recurrence interval of 10-years 'tvcre selected for use 
because they best describe the relationship between the vari-
ables or basin characteristics in each region. The values 
for x and y are presented in Table VIII. 
The independent values of discharge 'tvith:in each region 
were divided by the relationship Ax SSS-10 to produce a 
flood potential number Cf. This procedure essentially 
removes the physiographic effects of area and slope of the 
individual watersheds. Values for Cf can thus be treated 
as independent of these influences and more closely repre-
senting the flood potential of the watersheds in the region 
The values of Cf were ranked and the plot position 




REGRESSION EQUATION EXPONENTS 
Region X y 
1 0.41 0.16 
2 0.52 -0.57 
3 0.88 0.23 
4 0.06 1.36 
5 0.65 0.13 
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The Weibull plot position formula was selected over the 
Gringorten plot position formula because it produces almost 
identical results as the Gringorten method and is easier to 
use. The common logarithm of Cf was plotted versus the 
recurrence interval (Figures 11 - 15). As can be seen from 
the figures, these values approximate a straight line 
throughout the range from 2.33 to 50 years. 
The results from the modified station-year method and 
the multiple regression analyses were compared with the 
observed values of the 50-year frequency floods for all 
70 stations in the study,(Figures 16- 25). The modified 
station-year method displayed a tendency to over-estimate 
the observed 50-year frequency flood. The results from 
the multiple regression equation developed for the 50-year 
flood tend to scatter equally around the equal yield line. 
The results obtained from the modified station-year 
method display a noticeable variation in accuracy from one 
region to the next. In regions 1 and 5, a slight improvement 
in the standard error of estimate was attained. Hm-1ever, 
in region 2 there was a considerable improvement in the 
standard error. Although the modified station-year method 
tends to slightly over-estimate the 50-year flood, it reduces 
the.scatter in the plot of the observed versus the computed. 
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Graphical SE = 39% 
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Figure 16 - Regression Results 


















Figure 17 - Modified Station-Year 
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Figure 18 - Regression Results 
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Figure 19 - }bdified Station-Year 







































Figure 20 - Regression Results 






















































Figure 21 - Modified Station-Year 




































Graphical SE ~ 20% 
1000 




Figure 22 - Regression Results 
for 50-Year Frequency (Region 4) 
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Figure 24 - Regression Results 
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for 50-Year Frequency .(Region 5) 






















Figure 25 - Modified Station-Year 
I I I I 
100000 
Results for 50-Year Frequency (Region 5) 
84 
This is comparable to the introduction of a small safety 
factor in the computation of flood magnitude. 
Regions 3 and 4, however, had no change in accuracy. 
It would appear that region 4, with only 4 stations, does 
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not have sufficient data to obtain truly accurate and con-
clusive results. On the other hand, region 3 has 17 stations 
within its boundaries. The standard error of 91% would 
appear to indicate that the discharge relationship established 
does not apply to region 3 in its present configuration. 
During the homogeniety test, it was observed that the data 
displayed a tendency to be somewhat erratic. An attempt to 
div:.l.de region 3 into two regions was abandoned when subdivi-
sion failed to produce regions with increased homogeniety. 
G. Application of Results 
The use of the modified station~year method which has 
been developed in this investigation will enable the designer 
to estimate the magnitude of a flood any\vhere within the 
state. This may be done in the follmving manner: 
1. Outline the drain~ge area on a suitable topographic 
n~p and compute its area in square miles. 
2. Determine the length of the stream by measuring the 
main channel along its meander from the gaging 
point to the divide. 
'. 
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3. Determine the elevation of the points 10% and 85% 
of the distance from the gaging point to the divide 
as measured along the main channel, and the distance, 
L, between these points. (See Figure 7) 
4. Determine the slope of the watershed by using the 
formula 
s85-lO - 21) L 
where 8 85-10 = slope of the basin in per cent 
El85 = elevation of 85% point in feet 
EllO = elevation of 10% point in feet 
L = length in feet 
5. Determine the region in l-lhich the watershed is 
located from Figure 10. 
6. Obtain the values for the coefficients x and y 
from Table VIII. 
7. Obtain the value for Cf for the recurrence interval 
desired from Figures 11 - 15. 
8. Compute the discharge for the watershed by using 
the eq ua t ion 
X y 
A s85-lO 22) 
' 
where FT a flood discharge for recurrence 
interval T 
cf == flood potential number 
A .. area, in square miles 
s ... slope, in per cent 85-10 




SUMMARY AND CONCLUSIONS 
This study has been an attempt to make maximum use of 
existing records. Through the use of a computer it was 
possible to thoroughly analyze the data and determine which 
was most significant to the study. Statistical techniques 
were employed to-define regions of homogeniety. The station-
year method was employed to better define the frequency 
curve for a region. 
This thesis presents a technique to estimate the dis-
charge of floods of various recurrence intervals in Missouri. 
Results of the modified station-year method display a ten-
dency to over-estimate the observed 50-year frequency floods. 
However, a reduction in the standard error of estimate was 
realized in three regions. 
A. Conclusions 
1. Area and slope are highly significant in the 
determination of flood frequency discharges. 
2. The homogeniety test presented was of considerable 
value in defining the regional boundaries in the 
state. 
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3. The division of the state into several regions 
aided in increasing the accuracy of the results. 
4. The relationship Cf = Q/(Ax s~5_ 10 ) will give 
improved results to the determination of the flood 
potential of a watershed. 
5. The values of Cf for various recurrence intervals 
can be determined by applying the theory of the 
"Station-Year Nethod 11 • 
6. X y The use of the equation FT = Cf A s85 _10 will 
produce satisfactory results for drainage areas of 
0.60 to 25 square miles. 
B. Recommendations for Future Study 
1. Additional study should be made in region 3 to 
imp!ove the results in that region. 
2. The inclusion of additional parameters in the 
relationship would not necessarily improve the 
accuracy, however additional cover parameters 
should be studied to determine their affect upon 
the results. 
3. Additional gaging stations need to be established 
throughout the state 
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4. Stations in adjoining states should be employed in 
regions which do not have adequate data. 
In spite of the limitations of the station-year method, 
it is probably as reliable a method as can be developed at 
this time for the estimation of flood peaks having return 
periods several times the length of record at any of the 
stations. It has a regional significance, and therefore 
can be utilized to estimate the flood discharge at both 
gaged a_!ld ungaged sites. 
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APPENDIX 1 
RESULTS OF HOMOGENlETY TEST 
Station Number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 + 
2 + 
3 + + + 
4 + + 
5 + + + + 
6 + + + + 
J-.1 7 + + + + + + ClJ 
.0 
3 8 + + + z 
t:: 
., 0 
·~ 9 + + + + + + 4J 
C'O 10 + + 4J Cl) 
11 + + + 
12 + + + + + + + + + 
13 + + + + + 
14 + 
15 + + + + + + 
16 + + + + + + + + + + 
17 + + + + 
+ ... the two samples are from the same population. 
- • the two samples are not from the sa~e popul~tion. 
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APPENDIX 1 (continued) 
Station Number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
18 + + + + + + + + 
19 + + + + + + + .+ 
20 + + + + + + 
21 + + +. + + + + + 
22 + + + + + + + + + 
23 + -. + + 
24 + + + + + + + + + 
25 + + + + + + + + 
J..l 
CJ) 
~ 26 + + + + + + + 
~ 
t: 27 + + + + + ~· + ... + 
0 
•M + + + "-l 28 + + + Cll 
.u 
tl) 
29 + + + + + + + + 
30 + + + + + + + + + 
31 + + 
32 + + + 
33 + + + + + 
34 + + + + + + 
35 + + + 
36 + + + + + 
37 + + + + + + + 
38 + + + + + + + + 
( ,. .. 
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.APPENDIX 1 (continued) 
Station Number 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
39 + + + + + + 
40 + + + + + + + + 
41 + + + + 
42 + + 
43 + + + + + 
44 + + 
45 + + ·- -
46 + ~ 
a.> 
.,Q 47 + + + + + + + + + ~ 
c:: 48 + + + + + + + + 
0 
•rf 
'"' '•9 + + co
'"' Cf.) 
50 - + 
51 + + + + + + + + + 
52 + + + + + + 
53 + + + + + + 
54 + + + 
55 + + + + + + + + 
56 + + + + + + + 
57 + + + + + + + + 
58 + + + + + + + + + 
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APPENDIX 1 (continued) 
Station Number 
1 2 3 4 5 6 7 8 9 10 . 11 12 13 14 15 
59 + + 
60 + + + + 
61 + + + + + + + 
62 + + + + + + + 
63 + + + + + + + 
64 + + + + + + + + 
65 + + + + + + + + + 
66 + + + + + + + 
$-I 67 + + + + + + + + Q) + 
.0 
9 68 + + + + + + + + + z 
c 
0 69 + + + + + + + •.-I 
~ 
C'O + ~ 70 + + + + + + + + tf) 
.. -
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APPENDIX 1 (continued) 
Station Number 
16 17 18 19 20 21 22 23 24 25 26 27 28 
16 + 
17 + 
18 + + 
19 + + + 
20 + + + 
21 + + + + 
22 + + + + 
~ 23 + + 
OJ 
.0 24 + + + 3 + + + + 
z 
c: 25 + + + + + -f-0 
...... 
.u 26 + + + + + + CQ 
.u 
U) 
27 + + + + + + + + 
28 + + + + 
29 + + + + + + + + + + 
30 + + + + + + + + + + 
31 + 
32 + 
33 + + + + + 





APPENDIX 1 (continued) 
Station Number 
16 17 18 19 20 21 22 23 24 25 26 27 28 
36 + + + + + 
37 + + + + + + + + + + 
38 + + + + + + + + + 
39 + + + + 
40 + + + + + + + + 
41 + + + 
42 + + 
~ 43 + + + 
QJ 





"-' 46 + co 
"-' 
C/) 
47 + + + + + + + + + 
48 + + + + + + + + 
49 + + 
50 + + 
51 + + + + + + + + + + 
52 + + + + + + 
53 + + + + + + 
54 + + 
55 + + + + + + + + + 
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APPENDIX 1 (continued) 
Station Number 
16 17 18 19 20 21 22 23 24 25 26 27 28 
56 + + + + + + + + 
57 + + + + + + + + + + 
58 + + + + + + + + + + 
59 
60 + + + 
61 + + + .+ + + 
62 + + + + + + + + 
63 + + + + + + + + ~ 
<1J 
rO 
F. 64 + + + + + + + + 
!j 
z 
s:: 65 + + + + + + + + + + 
0 
•.4 
~ 66 + + + + + + + co 
~ 
til + 67 + + + + + + + + 
68 + + + + + + + + + 
·69 + + + + + + + 
70 + + + + + + + + 
103 
APPENDIX 1 (continued) 
Station Number 
29 30 31 32 33 34 35 36 37 38 39 40 41 
29 + 
30 + + 
31 + 
32 + + 
33 + + + 
34 + + 
35 + 
$-1 36 + + + + + 
Q) 
.0 37 9 + + + 
z 
c: 38 + + + + 0 
"M 
~ 39 + + + + co 
~ 
Cl) 
40 + + + + + 




43 + + ·+ + 
44 + + 
45 
46 + 
47 + + + + + + + 
48 + + + + + 
104 
APPENDIX 1 (continued) 
Station .Number 
29 30 31 32 33 34 35 36 37 38 39 40 41 
49 + 
50 + 
51 + + + + + + + 
52 + + + + + + + 
53 + + + + + + + 
54 + + 
55 + + + + + + + + + 
,.... 56 + + + + + + + 
~ 
"§ 57 + + + + + + + 
z 
c:: 58 + + + + + + + 
0 
•M 
4..1 59 + ctl 
4..1 
Cl) 
60 + + 
61 + + + + + 
62 + + + + + + + 
63 + + + + + + + 
64 + + + + + + + 
65 + + + + + + -t 
66 + + + + + + + 
67 + + + + + + + + 
68 + + + + + + + 
10~ 
APPENDIX 1 (continued) 
Station Number 
29 30 31 32 33 34 35 36 37 38 39 40 /f.l 
~ 69 QJ + + + + -- + + + 
.0 § 










APPENDIX 1 (continued) 
Station Number 





46 + + 
47 + 
48 + + 
~ 49 + + + 
Cl) 
~ 50 + + + + ~ 
c:: 51 + + + 0 
·~ 4-1 52 cg + + + 4-1 
[/.) 
53 + + + + 
54 + + + + + + 
55 + + + + + 
56 + + 
57 + + + + + 
58 + + + + + 
59 + 
60 + + + + + 
61 + + 
62 + + + 
107 
APPENDIX 1 (continued) 
Station Number 
42 43 44 45 lt-6 47 48 49 50 51 52 53 54 
63 + + + 
64 + + 
$-4 65 + + + + + 
<I) 
.0 
s 66 + + + :;j 
z 
t:: 67 + + + + + 0 
•.-I 
""' 68 m + 
""' 
+ + + + 
tf.) 
69 + + 
70 + + + + + 
108 
APPENDIX 1 (continued) 
Station Number 
55 56 57 58 59 60 61 62 63 64 65 66 67 
55 + 
56 + 
57 + + + 
58 + + + + 
59 + 
60 + 
61 + + 
62 + + + + + 
J..l 
Q) 
~ 63 + + + + + + 
:E 
. 0 64 + + + + + + + 
0 
oM 
.u 65 + + + + + + + + co 
.u 
U) 66 + + + + + + + + + 
67 + + + + + 
68 + + + + + 
69 + + + + + + + + + 
70 + + + + + 
109 
APPENDIX 1 (continued) 
Station Number 
68 69 70 
S-.1 
Q) 
"@ 68 + 
::s 
z 69 + c:: 
0 






COMPILATION OF RECORDING GAGE .AND CREST-STAGE GAGE RECORDS 
1. 5-4951 Big Branch 'l'ributary near \-layland 
.Area - 0.70 Sq. Mi. L - 1. 98 Mi. 
s - 1.53% 8H-L - 1.53 % 
DATE DISCHARGE DATE 
(CFS) 
55 30 6- 3-62 
7- 7-56 10 3- 4-63 
5-10-57 130 4-19-64 
6-10-58 360 6- 1·65 
9-29-59 80 7-28-66 
6-30-60 240 7-31-67 
4-22-61 126 
2. 5-4977 Bridge Creek Branch near Baring 
.Area - 2.38 Sq. Mi. 
s - 0.48% 
DATE DISCHARGE 
(CFS) 
l- 5-55 455 
7- 1-56 207 
7-28-57 360 




' , . 
L - 2.38 Mi . 








L - 0.99 Mi. c 









Lc - 1.13 Mi. 









APPENDIX 2 (continued) 
3. 5-5012 Nichols Branch near Palyrnra 
Area - 2.58 Sq. Mi. L - 3. 73 Mi. 
-s - 0.86% SH .. L - 0.86% 
DATE DISCHARGE DATE 
(CFS) 
49 3700 6-21-64 
7-12-60 210 6-29-65 
5- 8-61 669 6-13~66 
3-20-62 490 6-10-67 
3- 4-63 310 
'•. 5-5027 Easdale Branch near Shelbyville 
Area - 0.71 Sq. Mi. L - 1.32 Mi. 
s - o. 89% SH-L - 1.22% 
DATE DISCHARGE. DATE 
(CFS) 
7.-30-58 431 3- 4-63 
5-19-59 255 6-21-64 
7-10-60 770 6- 2-65 
5- 7-61 430 9- 3-66 
11-16-61 210 7-22-67 
111 
Lc - 1.93 Mi. 
















APPENDIX 2 (continued) 
5. Douglas Creek near Emden 
Area - 2.64 Sq. Mi. L- 2.81 Mi. 
-s - 0.52% SH-L - 0.61% 
DATE DISCHARGE DATE 
(CFS) 
6-20-56 1200 11-15-61 
7-28-57 409 '3 .. .,.;{- (..,. ?-
7-30-58 631 6-21-64 
8- 5-59 593 6- 5-65 
7-12-60 745 6-12-66 
9-13-61 749 7-24-67 
6. 5-5047 Bean Creek near 1-lexico 
Area - 3.02 Sq. Mi. L- 3.00 Mi. 
s - o. 54% 8H-L - 0.63% 
DATE DISCHARGE DATE 
(CFS) 
4-16-60 564 5-12-64 
5- 5-61 950 7-20-65 
7- 3-62 410 4-20-66 
5-16-63 200 7-24-67 
112 
Lc - 1.44 Mi. 









Lc - 1. 75 Mi. 







APPENDIX 2 (continued) 
7. 5-5136 Camp Creek near Elsberry 
8. 
Area - 1.50 Sq. Mi. L - 2.31 Mi. 
SH-L - 0.35% s - 0. 204 
DATE DISCHARGE DATE 
{CFS) 
8- 7-55 440 7- 4-62 
6-29-56 320 3- 4-63 
5-21-57 950 7-10-64 
7-10-58 370 7-26-65 
7- 4-59 200 2- 9-66 
6-30-60 530 7-24-67 
5- 7-61 710 
5.5136.5 Hurrican Creek near Elsberry 
Area - 3.96 Sq. Mi. L- 3.56 Mi. 
s- 1.274 SH-L - 1. 86 Mi. 
DATE DISCHARGE DATE 
(CFS) 
8- 7-55 1090· 7- 4-62 
7-29-56 1540 3- 4-63 
6-14-57 1620 7-12-64 
7-19-58 1050 8- 7-65 
7- 4-.59 280 4-20-66 
10-10-59 960 5- 6-67 
5- 7-61 200 
113 
Lc - 1.00 Mi. 









L - 1.56 Mi. 
c 










APPENDIX 2 (continued) 
9. 5-5137 MBms Slough Creek near Wellsville 
10. 
Area- 3.75 Sq. Mi. 
s - 0.18% 
DATE DISCHARGE 
(CFS) 
4- 5-55 302 




L - 3. 7 5 Mi. 






6-8160 Mill Creek near Oregon 
Area - 4.87 Sq. Mi. L - 3.30 Mi. 
s - o. 79% s -1.06% H-L 
DATE DISCHARGE DATE 
(CFS) 
7-15-50 780 6-29-59 
3- 2-51 840 6-30-60 
11-12-51 194 9- 3-61 
11-17-52 78 5-28-62 
8-21-54 590 5-16-63 
6-24-55 706 6-21-64 
7- 2-56 417 6- 4-65 
6 .. 14-57 381 6-26-66 
7-30-58 2640 6-12-67 








Lc - 1.62 Hi. 













APPENDIX 2 (continued) 
11. White Cloud Creek near Maryville 
12. 
Area- 5.79 Sq. Mi. 
s - 0.14% 
DATE DISCHARGE 
CFS) 







7- 7-56 395 
4- 3-57 169 
7-19-58 2300 
L- 5.79 Mi. 











6-8203 Big Slough near Wilcox 
Area - 1.25 Sq. Mi. L - 1. 95 Mi. 
s - 0.56% SH-L - 0.82% 
DATE DISCHARGE DATE 
(CFS) 
50 280 9-26-59 
4-30-51 478 5-16-60 
6 .. 21-52 705 9-12-61 
4-30-53 378 5-28-62 
5-31-54 353 63 
55 50 6-17-64 
7- 3-56 97 7- 2-65 
57 50 6- 9-66 
7-19-58 462 6-12-67 














- 0.95 Mi! 
c 














APPENDIX 2 (continued) 
13. 6-8210 Jenkins Branch at Gower 
Area - 2. 72 























L - 2. 27 Mi. 












Lc - 1.03 Mi. 












14. 6-8945 E. Fork Fishing River at Excelsior Springs 
Area - 20.00 L - 11.40 Mi. Lc - 4. 80 Mi. 
s - 0.47% SH-L - 0.53% 585-10_0.42% 
DATE DISCHARGE DATE DISCHARGE 
(CFS) (CFS) 
7-16-51 12000 J-27-60 1920 
8-21-52 1440 9-13-61 5700 
5- 5-53 753 10-30-61 3950 
5- 2-54 865 5-15-63 600 
6-25-55 1480 6-21-64 2800 
7-13-56 3750 7-19-65 10400 
5-16-57 685 6-13-66 450 
7-11-58 4650 6-13-67 4370 
10- 7-58 1730 
APPENDIX 2 (continued) 
15. 6-8965 Thompson Brance near Albany 
16. 
Area - 5.58 Sq. Mi. 
s - 0.38% 
DATE DISCHARGE 
(CFS) 
8- 1-56 456 
3- 3-57 148 
5- 3-58 1630 
9-23-59 1700 
10- 6-59 953 
3- .5-61 1250 
6-8967 O'Neil Branch 




10- 4-54 239 
3-28-56 60 
3- 2-57 60 
7-30-58 1320 
5-18-59 250 
. 6-30-60 160 
5- 5-61 520 





















L - 2.26 Mi. 
c 
117 









L - 0.44 Mi. c 









APPENDIX 2 (continued) 
17. 6-8972 Simpson Branch near Bethany 
Area - 4.72 Sq Mi. 









L - 6. 06 Mi •. 







L - 3.06 Mi~ 
c 
118 








18. 6-9025 Hamilton Branch near New Boston 
Area - 2.51 L 3.90 Mi. L - 2.16 Mi. c 
s ... 0.46 % 5H-L- 0.80 % 585-10 0.52% 
DATE D:[SCHARGE DATE DISCHA.RGE 
(CFS) (CFS) 
8- 2-56 612 10-29-61 414 
7-29-57 520 3 ... 24-63 232 
7-15-58 693 6-14-64 350 
2- 9-59 203 9-20-65 880 
6-30-60 800 5-17-66 730 
4-21-61 675 3- 1-67 800 
APPENDIX 2 (continued) 
19, 6-9028 Onion Branch at St. Catherine 
20. 











L- 1.25 Mi. 








6-9047 Strop Branch near Novinger 
Area - 0.96 Sq. Mi. L - 1. 32 Mi. 
s - 1.32% 8H-L - 2.53% 
DATE DISCHARGE DATE 
(CFS) 
7-23-55 210 10-29-61 
7- 1-56 1730 3- 4-63 
4- 3-57 52 4- 5-64 
7-30-58 770 9-20-65 
10- 7-58 65 6-13-66 
6-12-60 550 7-28-67 
9-13-61 330 
119 
Lc - 0.53 Mi. 





















APPENDIX 2 (continued) 
21. 6-9057 Puzzle Creek near Salisbury 
Area - 0.80 Sq. Mi. 
s - 0.93% 






2- 9-59 95 
6-30-60 200 
9-13-61 401 









22. 6-9072 Shaver Creek Tributary near 
Area 
-
1.65 Sq. Mi. L - 2. 04 Mi. 
s - 0.59% SH-L - 0.88% 
DATE DISCHARGE DATE 
(CFS) 
8-30-55 1230 11-15-61 
5-29-56 370 5-25-63 
6-29-57 390 6-13-64 
9-19-58 1600 6- 4-65 
1-21-59 370 6- 8-66 
6- 1-60 850 6-21-67 
L - 0.63 Mi. 
c 
120 










L - 0.42 Mi. 
c 










APPENDIX 2 (continued) 
23. 6-9075 South Fork Blackwater River near Elm 
24. 











6-9083 Trent Branch 








7- 4-59 ·282 
6-30-60 450 
8- 1-61 1190 
L- 7.83 Mi. 










L - 1. 58 Mi. 








Lc - 3. 70 Mi. 





















APPENDIX 2 (continued) 
25. 6-9085 Shiloh Branch near Marshall 
26. 






8- 1-54 741 
6- 2-55 871 




L - 2. 67 Mi. 









6-9102 Cow Branch near Columbia 
Area - 1.01 Sq. Mi. L - 2. 00 Mi. 
s - 0.68% SH-L - 0.95% 
DATE DISCHARGE DATE 
(CFS) 
6-25-55 375 10-30-61 
10- 4-56 . 430 7- 2-63 
7-27-57 336 4- 5-64 
7-18-58 625 9-15-65 
11-16-58 300 3-20-66 
5- 6-60 620 6-27-67 
5- 5-61 582 
122 
Lc - 1.65 Mi. 










L -c 0.88 Mi. 









APPENDIX 2 (continued), 
27. 6-9187 Oak Grove Branch near Brighton 
Area - 1.30 Sq. Mi. L - 2.05 Mi. 
-s - 1.17% SH-L - 1.88% 
DATE DISCHARGE DATE 
(CFS) 
5-22-57 845 5-26-63 
9- 2-58 492 4- 5-64 
2- 9-59 320 4- 4-65 
10- 4-59 196 7-23-66 
4- 6-61 302 7-12-67 
4-20-62 17 
28. 6-9211 Olinger Creek near Buffalo 
Area - 1.96 Sq. Mi. L - 2.42 Mi. 
s- 0.74% SH-L- 1.16 % 
DATE DISCHARGE DATE 
(CFS) 
6-30-57 555 10-13-62 
7-16-58 590 4- 5-64 
6-11-59 770 9-22-65 
10.. 4-60 460 2- 9-66 
5- 5-61 3250 5-14-67 
7- 6-62 600 
L - 1.05 Mi. 
c 
123 








Lc - 1.28 Mi. 









APPENDIX 2 {continued} 
29. 6-9217 West Crawford Creek near Lee's Summit 
30. 
Area - 1.81 Sq. Mi. 








3- 6-60 839 
L - 1.81 Mi. 







6-9218 Grandaddy Creek near Urich 
Area - 2.49 Sq. Mi. L - 2.49 Mi. 
s - 0.51% SH-L-0. 82% 
DATE DISCHARGE DATE 
(CFS) 
8-16-58 305 5-24-63 
5-18-59 1150 3-23-64 
5- 5-60 290 9-21-65 
9-13-61 710 7-16-66 
10-13-61 260 5-30-67 









L - 1.41 Mi. c 








APPENDIX 2 (continued} 
31. 6-9227 Chub Creek near Lincoln 
32. 
Area - 2.86 Sq. Mi. 





5- 5-60 620 
5- 5-61 760 
3- 2-62 550 
L - 2.60 Mi. 







6-9230 Niangua Creek near Marshfield 
Area - 0.82 Sq. Mi. L- 1.13 Mi. 
s- 1.91% SH-L - 2.18% 
DATE DISCHARGE DATE 
(CFS) 
8-27-51 332 6- 8-60 
10-22-51 159 3- 3-61 
6- 1-53 20 62 
5- 2-54 87 5-26-63 
10-11-54 139 7- 2-64 
6-25-56 174 7-12-65 
5-21-57 438 9-26-66 
7-11-58 396 5-14-67 
























APPENDIX 2 (continued) 
33. 6-9252 Starks Creek at Preston 
Area - 4.18 Sq. Mi. L- 4.20 Mi. L - 1.50 Mi. c 
s - o. 56% SH-L - 0.60% 585-10 - 0.56% 
DATE DISCHARGE DATE DISCHARGE (CFS) {CFS) 
5-17-57 1400 7-28-63 411 
7-31-58 498 4- 5-64 740 
2- 9-59 562 6-23-65 1900 
5- 6-60 870 10-16-66 1680 
5- 5-61 1320 8-18-67 458 
9- 9-62 741 
34. 6-9253 Praire Branch near Decaturville 
Area - 1.30 Sq. Mi. 








10- 4-59 350 
5- 8-61 1450 
L - 1. 30 Mi. 








Lc - 0.60 Mi. 









APPENDIX 2 (continued) 
35. 6-9254.5 Little Gravois Creek near Versailles 
36. 
Area - 4.80 Sq. Mi. 




10- 5-55 760 
5-17-57 274 
7- 8-58 4960 
9-16-59 3300 
5- 6-60 3800 
5- 8-61 1350 
L - 4. 80 Mi. 








6-9262 Van Cleve Branch near Meta 
Area - 0.75 Sq. Mi. L - 1.88 Mi. 
s - 1.51% 5H-L - 1.92% 
DATE DISCHARGE DATE 
(CFS) 
5-22-57 1200 5-25-63 
6-10-58 '490 3-25-64 
8-31-59 55 9-13-65 
10-10-59 92 3-20-66 
5- 5-61 577 3-27-67 
3-20-50 50 










L - 0.94 Mi. 
c 









APPENDIX 2 {continued) 
37. 6-9272 Big Hollow near Fulton 
Area - 4.05 Sq. Mi. 




8- 1-58 936 
10- 9-58 936 
10-10-59 649 
5- 5-61 686 
2- 8-62 526 
L - 3.90 Mi. 







L - 1. 60 Mi. 
c 
128 








38. 6-9276 Wheeler Branch near Mountain Grove 
Area - 1.34 Sq. Mi. 









5- 7-61 930 
L- 1.70 Mi. 








Lc - 0.62 Mi. 









APPENDIX 2 (continued) 
39. Laquey Branch near Hazelgreen 
40. 
Area - 1.58 Sq. Mi. 






5- 5-61 825 
4-30~62 400 







6-9290 Coyle Branch at Houston 
Area - 1.10 Sq. Mi. .L - 1. 55 Mi. 
s- 1.56% SH-L - 2.56% 
DATE DISCHARGE DATE 
(CFS) 
4-20-50 279 5- 7-61 
6-30-51 1030 9- 3-62 
3-10-52 87 6-15-63 
3- 3-53 135 4- 5-64 
7-24-54 36 4- 2-65 
3-20-55 137 3-20•66 




Lc - 1.05 Mi. 








L - 0. 78 Mi. 
c 










APPENDIX 2 (continued) 
41. 6-9310 Beaver Creek near Rolla 
Area - 13.70 Sq. Mi. , L- 6.10 Mi. 
s - o. 75% SH-L- 1.13% 
DATE DISCHARGE DATE 
(CFS) 
9-12-49 2050 12-17-57 
6- 9-50 3800 12-17-59 
6- 3-51 2280 5- 6-61 
3-10-52 1280 9-24-62 
4-23-53 1870 5-25-63 
6- 9-54 924 4- 5-64 
3-20-55 1890 9-14-65 
5-30-56 3620 5-18-66 
5-21-57 2220 5-14-67 
42. 6-9315 Little Beaver Creek near Rolla 
Area - 6.41 Sq. Mi. L - 2. 59 Mi. 
s- 0.99% SH-L - 1.32% 
DATE ·DISCHARGE DATE (CFS) 
6-20-48 1020 7-17-58 
6- 2-49 1230 2- 9-59 
6- 9-50 4180 5- 6-60 
6-30-51 2110 5- 6-61 
10-22-51 456 6- 9-62 
4-23-53 2110 5-25-63 
6- 9-54 740 4- 5-64 
7- 7-55 950 9-14-65 
5-30-56 1320 8-16-66 
5-21-57' 5040 
L - 2.30 Mi. 
c 
130 












L - 1. 61 Mi. 
c 












APPENDIX 2 (continued) 
43. 6-9316 Paulsell Branch near Rolla 
44. 
Area - 2.33 Sq. Mi. 
s - 1.14% 
DATE DISCHARGE 
(CFS) 






















6-9350 Rumbo Branch at Danville 
Area - 1.40 Sq. Mi. L - 2.15 Mi. 
- o. 74% SH-L -.0.86% s -
DAl'E DISCHARGE DATE 
(CFS) 
6- 8-54 101 5- 5-61 
1._ 6-55 434 3-20-62 
7-16-56 350 5-17-63 
6-29-57 362 4- 5-64 
9- 2-58 398 4- 5-65 
2- 9-59 209 3-20-66 
3-27-60 223 6-27-67 
L - 1.63 Mi. 
c 
131 












Lc - 1.10 Mi. 










APPENDIX 2 (continued} 
45. 7-0112 Love Creek near Salem 
46. 










L - 1.38 Mi. 








7-0113 Ragan Branch near Rolla 
Area - 6.58 Sq. Mi. L - 4. 56 Mi. 
s - o. 75% SH-L-0.97% 
DATE DISCHARGE DATE 
(CFS) 
7-14-59 1600 12-17-59 
6- 9-50 4200 5- 6-61 
8- 9-51 580 3-20-62 
11-15-52 170 3-30-63 
5- 2-54 120 4- 5-64 
7- 7-55 1600 4- 6-65 
5-30-56 2000 5-17-66 
7-17-58 10000 3-20-67 
59 15 
L - 0.56 Mi. 
c 
132 











2. 50 Mi. 
c 











APPENDIX 2 (continued) 
47. 7-0115 Green Acre Branch near Rolla 
48. 






6- 9-50 1900 
8- 9-51 413 
3-10-52 47 
4-23-53 577 




L- 1.25 Mi. 












7-0120 Behmke Branch near Rolla 
Area - 1.05 Sq. Mi. L- 2.25 loli. 
s - 1.33% SH-L-1.51% 
DATE DISCHARGE DATE 
(CFS) 
2-14-49 182 5-21-59 
6- 9-50 1190 12-17-59 
8- 9-51 369 5- 6-61 
3-10-52 88 . 6- 7-62 
4-23-53 264 3- 3-63 
6- 9-54 847 6-13-64 
5-12-55 389 9-14-65 
5-30-56 369 8-16-66 
5-21-57 342 5-14-67 
7-17-58 847 














Lc - 1.06 Mi. 
133 












APPENDIX 2 (continued) 
49. 7-0150 Bourbeuse River near St. James 
50. 
Area - 21.30 Sq. Mi. 









6- 9-54 5790 
3-20-55 2460 
7- 3-56 1130 
5-21-57 6330 
L .. 6.25 Mi. 












7-0157 Lanes Fork near Vichy 
Area - 24.10 Sq. t-1i. L ... 10.00 Ni. 
s - 0.42% SH ... L - 0. 54% 
DATE DISCHARGE DATE 
(CFS) 
5- 9-44 3700 5-17-57 
6- 7-45 9400 8- 1-58 
7-12-48 4490 5-17-59 
2-16-49 2660 5- 6-60 
10- 4-49 7120 5- 6-61 
8- 9-51 3960 3·20-62 
10-22-51 1820 5-25-63 
4-23-53 1290 4- 5-64 
5-22-54 2660 9- 4-65 
6-11-55 2090 2- 9-66 
7- 3-56 1890 5-13-67 
L - 2.63 Mi. c 
134 












Lc - 3.25 Hi. 














APPENDIX 2 (continued) 
51. 7-0175 Dry Branch near Bonne Terre 










L - 4.19 Mi. 








L - 1. 88 Mi. 
c 
135 









52. 7-0177 Fountain Farm Branch near Potosi 
Area - 2.16 Sq. Mi. 







3- 5-61 270 
62 100 
L- 2.93 Mi. 







L - 1.15 Mi. 
c 









APPENDIX 2 (continued) 
53. 7.:.0207 Hoehs Branch near Uniontown 
54. 











7-0355 Barnes Creek 









5- 8-61 488 









Lc - 0.81 Mi. 




















3- 3-63 295 
3- 9-64 608 
9-22-65 4250 
4-23-66 980 
2- 2-67 184 
APPENDIX ?. (continued) 
55. 7-0377 Clark Creek at Piedmont 
56. 





5- 2-s8· 831 
11-16-58 1258 
5-19-60 586 
5- 7-61 950 
2- 6-62 527 
7-0508 Maple Grove 
Area - 0.64 Sq. Mi. 
-s - 1.08% 
DATE DISCHARGE 
(CFS) 




6- 7-61 293 
62 50 
L - 3. 87 Mi. 







Branch near Ozark 









· Lc - 1 • 69 Mi • 








L - 0. 50 l-1i. 
c 









APPENDIX 2 (continued) 
57. 7-0539.5 Ingenthron Hollow near Forsyth 
58. 
Area - 1.20 Sq. Mi. 





6- 1-59 108 
5- 6-60 1190 
5- 7-61 224 
9-15-62 80 








7-0541 Cedar Hollow at Bradleyville 
Area - 0.83 Sq. Mi. L - 1. 69 Mi. 
s- 2.45% SH-L - 3.46% 
DATE DISCHARGE DATE 
(CFS) 
8-29-56 643 9-15-62 
5-22-57 515 5-13-63 
8- 1-58 430 64 
11-16-58 80 5-10-65 
5- 6-60 1160 2- 9-66 
61 70 
Lc - 0.52 Mi. 




















APPENDIX 2 (continued) 
59. 7-0618 Bradley Hollow at Centerville 
60. 
Area - 0.83 Sq. Mi. 

















7-0645 Big Creek near Yukon 
Area 
- 8. 36 Sq. Mi. L - 4.06 Mi. 
s- 0.79% SH-L-1.21% 
DATE DISCHARGE DATE 
(CFS) 
7- 7-49 3510 12-17-57 
5-10-50 3120 11-17-58 
6 .. 30-51 2950 12-27-59 
10-27-52 1140 5- 7-61 
3- 3-53 475 9-30-62 
3-25-54 462 5-25-63 
3-20-55 895 4- 5-64 
5-15-56 4860 9- 5-65 
5-18-57 1430 2- 9-66 
L - 0. 94 Mi. 
c 
139 










- 2. 56 Mi. c 












APPENDIX 2 (continued) 
61. 7-0647 Fudge Hollow near Licking 
Area- 1.72 Sq. Mi. L - 2. 69 Mi. 
s - 1.20% SH-L - 1. 34'7.. 
DATE DISCHARGE DATE 
(CFS) 
5-21-57 140 5-25-63 
1-·2s-58 200 4- 5-64 
10- 9-58 49 9- 4-65 
12-17-59 54 2- 9-66 
11-15-60 58 5-14-67 
5- 8-62 76 
62. 7-0668 Sycamore Creek near Hi nona 
Area - 0.88 Sq. Mi. L - 1.88 Mi. 
s- 1.11% SH-L - 1. 59% 
DATE DISCHARGE DATE 
{CFS) 
3-20-55 308 2-22-62 
5-14·· 56 310 5-25-63 
5-11-57 360 3-10-64 
3-23-58 65 4- 3-65 
59 45 5-15-66 
10- 4-59 170 1-26-67 
5- 7-61 134 
140 
Lc - 0.81 Mi. 








L - 0.75 Mi. 
c 










APPENDIX 2 (continued) 
63. 7-0682 N. Prong Little Black River at Hunter 
64. 
Area - 1.23 Sq. Mi. 
s - 1. 04% 
DATE DISCHARGE 
(CFS) 
5- 4-58 427 
11-16-58 626 
10-13-59 45 
5- 7-61 502 
6-23-62 150 
7-0691 Adams Branch 
Area 
-
2.27 Sq. Mi. 











L - 1.63 Mi. 







near West Plains 
L - 3. 54 Mi. 








L - O. 63 Mi. 
c 








Lc - 1. 92 Mi. 










APPENDIX 2 (continued) 
65. 7-0700 King's Branch near Willow Springs 
Area - 4.91 Sq. Mi. 








5- 7-61 76 
L - 4. 25 Mi. 








L - 2.31 Mi. 
c 









66. 7-0702 Burnham Branch near Willow Springs 
Area - 1.27 Sq. Mi. 
s - 1. 00% 
DATE DISCHARGE 
(CFS) 
3- -55 206 
5- -56 288 














L - 0.88 Mi. 
c 










APPENDIX 2 (continued) 
67. 7-0718 Williams Spring Branch near Alton 
68. 







11- 7-57 224 
11-16-58 1350 
5- 6-60 195 
5- 7-61 1200 
L - 3.19 Mi. 








7-1855 Stahl Creek near Miller 
Area - 3.86 Sq. Mi. L - 2.88 Mi. 
s - o. 66% 5H-L - 0.82% 
DATE DISCHARGE DATE 
(CFS) 
8-27-50 745 2- 9-59 
7- 4-51 904 10- 4-59 
2- 1-52 363 7- 7-61 
3-llJ-53 133 6-10-62 
9-29-54 250 5-13-63 
10-2.5-54 497 6-11-64 
6- 7-56 745 4- 3-65 
7- 1-57 929 2- 9-66 
7- 7-58 1010 7- 5-67 
Lc - 1.44 Mi. 


























APPENDIX 2 (continued) 
69. 7-1856 S. Fork Stahl Creek near Miller 
70. 









6- 7-56 380 
7-. 1-57 260 
7-16-58 160 
4-18-59 240 
L - 1.12 Mi.· 










7-1859 O'possum Creek at Jasper 
Area - 9.67 Sq. Mi. L - 5. 86 Mi. 
s - 0. 267. SH-L - 0. 36% 
DATE DISCHARGE DATE 
(CFS) 
6-27-55 1670 9-22-62 
6- 6-56 330 6- 4-63 
6- 9-57 1110 6-14-64 
7-25-58 840 4- 4-65 
3- 4-59 1080 4- 20-66 
10- 2-59 1560 7- 5-67 
5- 8-61 1860 
L - 0.81 Mi. 
c 











Lc - 2.81 Mi. 










Flood Frequency Values - Weibull 




































218 284 371 
601 748 936 
830 1030 1350 
657 829 1049 
932 1117 1352 
939 1154 1428 
629 827 1080 
1213 1583 2056 
708 879 1098 
1775 2377 3145 
2267 3042 4031 
779 1016 1318 
1718 2307 3059 
6310 8523 11347 
1424 1841 2373 
713 950 1252 
3060 4029 5264 
786 942 1142 
581 777 1028 
991 1339 1783 
501 667 877 
1095 1414 1822 
3812 4956 6417 
731 939 1204 
808 975 1189 
517 650 820 
505 666 873 
760 880 1050 
643 856 1128 
798 1025 1337 
860 943 1048 
345 431 540 
1467 1843 2322 
1541• 2060 2723 

















































































































1241 1701 2043 
1098 1331 1503 
796 1019 1184 
980 1240 1420 
640 850 1006 
40Z4 4963 5661 
4477 5916 6985 
2688 3537' 4169 
409 508 582 
212 264 303 
4826 6611 7938 
941 1233 1450 
834 1049 1208 
6871 8508 9725. 
7463 9331 10719 
1252 1543 1758 
1237 1641 1942 
1571 2003 2323 
4290 5780 6888 
1501 1869 2142 
546 726 859 
295 360 405 
946 1235 1450 
211 265 306 
4221 5430 6328 
357 476 564 
500 665 788 
607 788 923 
742 919. 1051 
832 1101 1300 
532 692 812 
1040 1380 1632 
1338 1685 1943 
498 658 778 
1810 2195 2481 
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APPENDIX 4 
FLOOD FREQUENCY VALUES - GRINGORTEN 
Station F2.33 F5 FlO F25 Fso No. 
1. 130 202 260 340 392 
2 409 566 696 854 975 
3 550 790 990 1250 1490 
4 431 610 754 938 1075 
5 690 886 1045 1246 1396 
6 655 873 1047 1271 1436 
7 370 583 754 972 1134 
8 730 1123 1440 1844 2145 
9 482 660 803 985 1120 
10 1028 1775 2377 3145 3716 
11 1266 2126 2820 3704 4361 
12 473 736 948 1218 1418 
13 957 1612 2140 2813 3313 
14 3445 5890 7860 10373 12241 
15 879 1316 1667 2116 2450 
16 404 661 868 1133 1329 
17 1798 2833 3667 4731 5522 
18 581 745 877 1046 1171 
19 325 537 707 925 1086 
20 537 913 1216 1603 1890 
21 286 466 611 796 933 
22 679 1020 1296 1647 1908 
23 2323 3558 4552 5821 6764 
24 460 685 866 1098 1269 
2.5 590 769 913 1097 1234 
26 343 484 598 743 851 
27 293 466 605 783 915 
28 620 760 880 1050 1150 
29 365 589 770 1000 1171 
30 488 736 935 1190 1379 
31 751 837 907 996 1072 
32 234 326 401 496 567 
33 976 1370 1688 2093 2394 
34 864 1417 1862 2430 2853 
35 1161 2786 3733 4941 5839 
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APPENDIX 4 (continued) 
Station F2.33 F5 F1o F25 F5o 
No. 
36 '•08 793 1103 1498 1792 
37 677 867 1020 1216 1361 
j8 394 583 734 928 1072 
39 540 800 980 1240 1420 
40 261 443 590 717 916 
41 2335 3148 3802 4637 5257 
42 1896 3165 4187 5491 6461 
43 1163 1898 2491 3247 3809 
44 229 .313 380 466 530 
45 117 161 197 243 276 
46 1616 3198 4473 6089 7307 
47 417 679 889 1158 1358 
48 449 637 789 982 1126 
49 3931 5347 6487 7942 9024 
50 4155 5742 7070 8752 10002 
51 728 972 1169 1420 1607 
52 505 849 1127 1481 1744 
53 793 1148 1434 1800 2071 
54 1597 2853 3865 5155 6155 
55 835 1135 1377 1686 1916 
56 222 373 495 650 765 
57 190 250 295 360 405 
58 422 663 857 1105 1290 
59 112 158 195 242 277 
60 2048 3086 3923 4989 5782 
61 1l•2 244 326 430 507 
62 202 343 457 602 710 
63 '278 426 546 698 811 
64 422 574 697 853 969 
65 347 571 752 983 1155 
66 242 377 486 625 728 
67 426 715 947 1243 1464 
68 714 1011 1250 1555 1782 
69 209 349 462 606 713 
70 1114 1436 1696 2027 2273 
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APPENDIX 5 
FLOOD FREQUENCY VALUES - LOG-PEARSON 
/ 
Station F 2.33 F5 FlO F25 Fso No. 
;::_,~3 
1. 106 205 268 339 385 
2 376 588 713 851 940 
3 407 941 1678 3483 5954 
4 364 591 766 1014 1217 
5 638 880 1043 1252 1410 
6 636 913 1052 1158 1261 
7 279 593 830 1144 1379 
8 534 1139 1640 2356 . 2960 
9 427 662 827 1041 1204 
10 674 1534 2294 3454 4455 
11 828 1985 3007 4547 5844 
12 377 774 1042 1355 1563 
13 657 1544 2258 3236 3985 
14 2131 4988 7857 12835 17685 
15 681 1412 1959 2675 3206 
16 285 619 905 1330 1689 ' 
17 1342 2833 4006 5610 6857 
18 566 797 914 1030 1098 
19 229 525 761 1080 1324 
20 346 828 1270 1963 2574 
21 193 379 570 920 1283 
22 530 966 1330 1876 2348 
23 1868 3526 4719 6251 7381 
24 380 647 849 1131 1359 
25 576 816 936 1052 1118 
26 313 526 645 766 838 
27 241 490 637 787 874 
28 529 901 1376 2439 3784 
29 252 543 805 1220 1592 
30 371 681 955 1393 1796 
31 749 847 897 949 982 
32 229 . 355 408 449 466 
33 824 1319 1708 2269 2739 
34 532 1297 2072 3429 4730 
35 896 2360 3966 6961 10056 
·-· ·' 
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APPENDIX 5 (continued) 
Station F2.33 F5 Flo Fz5 F5o No.· 
36 139 498 1055 2509 4548 
37 733 942 991 1013 1019 
38 313 534 721 1010 1268 
39 462 913 1406 2372 3442 
40 171 369 563 895 1216 
41 2109 3114 3802 4689 5360 
42 1379 2710 3998 6222 8411 
43 791 1684 2498 3802 4986 
44 200 305 385 496 586 
45 104 157 194 242 279 
1+6 795 2457 4037 6427 8393 
47 315 594 818 1143 1414 
48 399 625 773 956 1088 
49 3690 5561 6616 7737 8440 
50 3592 5618 7073 9021 10540 
51 651 941 1152 1440 1669 
52 331 665 1010 1645 2308 
53 686 1383 1760 2107 2288 
54 861 2179 3369 6714 10059 
55 779 1202 1442 1679 1857 
56 149 336 505 767 996 
57 162 323 512 910 1382 
58 313 670 952 1341 1645 
59 98 .· 157 198 249 288 
60 1608 2998 4105 5695 7004 
61 86 169 270 485 745 
62 134 294 444 690 918 
63 223 430 581 774 917 
64 361 532 673 888 1078 
65 226 539 830 1293 1707 
66 181 361 510 731 917 
67 265 557 878 1505 2197 
68 628 1036 1304 1626 1853 
69 143 308 456 689 895 
70 1104 1509 1701 1877 1973 
.· .• 
VITA 
Ronald Anthony Rusch was born on October 8 1942 at , , 
Chicago, Illinois, the first of four children of Anthony 
Joseph and Dorothy Ann (Lehman) Rusch. 
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He received four years of elementary education in 
Northlake, Illinois, and received the remainder of his 
elementary and high school education in Joplin, Missouri. 
He graduated in May 1960. In September 1960 he entered the 
Missouri School of Mines and Metallurgy, receiving a Bachelor 
of Science in Civil Engineering in January 1965. 
He received a com..rnission as a second lieutentant in the 
U. S. Army at graduation. After attending the Officers 
Basic Course at Ft. Belvoir, Virginia, he spent 13 months as 
a platoon leader and executive officer in Korea. Upon 
returning to the United States he wa~ a course supervisor 
at Ft. Leonard \vood, Missouri. 
In January 1967, after two years Army service, he was 
released from active duty and entered graduate school at the 
University of Missouri - Rolla. 
He was united in marriage on August 10, 1968 to 
Alice Ann Kick. 
